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5x5 grid (25 nodes)
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10x10 (100 nodes)
15x15 (225 nodes)
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J)cbyljWª  \Iafjn¹ﬂn¡n¡zy}yXze¨_if|ap}ﬂ{Wªn?Wl#ze_fjac}ﬂ{W[cWKlj_`bﬂ_.ze_fjac}ﬂ{W[£f`TPa_%"?b©apljWgclj¨zXf`n?x©n?n?chc¥
rs}ncl|zeWl§f`n[cl|ap'fjTyW#V}yVbyV n?WljTyWKa?z'{nL_ifnpﬂ}ﬂnc}e ¢ncxefjVacfih-npy¹ﬂn¡neze}ygljncbyf`WK_K¸£#W8TﬂaD?W
Va?zeWª_`Vby¨af`nc}©_mnc}ﬁf`TyW[_ "Lbﬂacl`WI?l`¨z  )WKa?{|Tﬁ}ynezeWgT©ac_g5}yWcT¡%ncl|_

Wdy{WKxef#n?}Xf`TyW[WKzycWK_ Ò¥r¢f#_
{nc}y}ﬂWK{ÒfjWKz'WK}yncbﬂcTfjng%W#aªljWKac_`nc}©apyWm}yWfi£.n?l`¤ªf`n?x©n?n?ch-ap}ﬂz f_)?Wljh-_`xﬂaclj_`Wc¥ w:ncljWncWKlK¸K f ¨_§a
ljWKa?_n?}ﬂapﬂWVXnezeWﬂ nclw:ap}ﬂTﬂaf`fjap} ¥ gnpf`¨{Wgf`Tﬂapf.}f`TﬂWªap}©apnccn?bﬂ_Y"@HVXnezeW

a}yWg£TﬂWljWgWKa?{|T
}ﬂn¡zyWT©ac_[fi£#n	}yWK?T¡©n?lj_ Ò¸<fjTyWljWX_'aby}y "LbyWXl`n?bef`WfjnWac{|T­}ynezeWap}ﬂzf`TyWX¹©nLneze}ync¡¡n?bﬂ_`h
??WK_[ncxyf`VXac l`n?bef`W_¥UJ)?byljWXP_`Tyn£I_ªf`TyWljWK_`byfj_-n?efjac}yWz: n?l-Dacl`ncb©_'_SRW_ªnc_%"LbﬂapljWcljzM¥
3Wn?ﬂ_WKl`?W-f`TyW£.n?lj_fIl|af`nX nclgf`TyWVXzyzyWzy_fjac}ﬂ{W}ﬂn¡zyWK_

 aplª}ynezeWK_ª{WKlf|ap}yh	©WK}yW ﬂfg ljncV
fjTyWWKzycWK_-nc.fjTyWclj¨z:fjTﬂaf' n?lj{WfjTyWX¹ﬂn¡neze}yPf`nPljWKac{|T­f`TﬂWV!_f`l|apcTLfjh Ò¥t8cW}­ ncla	l|afjTyWl
_`VapMcljzA¸enc}yW'{ac}	?WfgaYc¥Y[ljapf`n n?lIze¨_if|ap}ﬂ{W-}ynezeW_¥
gn£ f`Tﬂapf'£.WTﬂaDcWap}­zeWaOnc.}yn?}e ¢ncxefjVap)ljncbefjWK_[ncWKl`TyWaczM¸%£#W{nc}ﬂ_`zyWl-_n?VWX_j{W}©apljnL_
 n?lI{n?Vx©aplj}yX{n?}Lf`ljnc<ncWKl`TyWaczM¥
  
" I
ﬃ# 


')/ /§  !/§ﬃ.
'/
S§nI??Wmax©n?}Lf§ncy{ncVXxﬂacl`¨_`nc}[£ fjT}ync}y 4n?xef`VappljncbefjWK_Mn?WljTyWKa?zM¸£#Wm??Wf`TyW8{nc}Lf`ljnccncWljTyWacz
nc8¹ﬂn¡neze}yPxyljnpf`ne{nc¨_g n?lﬀY

  ﬂ¸ W

y¸ q

     y¸ k



ap}ﬂz m

ﬂ¥STy¨_-apbyWK_
{ncljl`W_x%nc}©zfjn'f`Tﬂn?_`WIbﬂ_`WKz}Xf`TyW[_Vbﬂapf`nc}ﬂ_8xyl`W_WK}Lf`WKzX}J)cbyljWAN[ncv4 7  s5?_`ncbyl|{W_ npMfjljaﬃ8ﬁ{
acl`WPbﬂ_`WKz®n?Wl    }ynezeWK_ﬁhLW¨ze}ybq

     ﬂ¸8{n?}ﬂ_if|ap}LfﬁyfOl|af`W²??W\W

y¸a l|ap}y?Wnc

VXWf`WKlj_ac}ﬂzPaX_x%WWzOnc  VXWf`Wl|_x%WlI_`WK{n?}ﬂz{ncljljWK_`x©n?}ﬂzfjn>k

 

¸eap}©zOfjTyW
 
 d  
wLwyxTz|{E}E~E
Y
+grI   	 r
X!	&-
ﬃp 
	6Z&
  	 &
?Wn?VWf`ljh-npﬂfjTyWﬂW¨zl`n?bycTﬂh-ccW_vm

ﬂ¥s3 f`Trskmr5-a?zyzeljWK_j_W_¸fjTyW ncljVby¨aªccW}}XS)apyW 5
W_ifjVapf`WK_f`TyW{nc}Lf`ljncMn?WljTyWKa?zﬁfjnﬁyY -yfj__`WK{p¥ Inpfj{W'f`T©aff`Tﬂ_gWK_f`VXapf`nc}Px%Wl` WK{ÒfjhPap?l`WKW
£f`TOf`TyW'_`Vby¨af`nc}©_8nc)4 ﬃ7< ncl#n£«n#%WKl`Wzn?aczﬂ_

 nclTycTyWKl.n?a?zy_mfjTyW'_Vbﬂapf`nc}ﬂ_.np)4 7A_`Tyn£
aX{nc}Lf`ljnc<ncWKl`TﬂWKaczﬁf`Tﬂapf}ﬂ{l`Wac_`WK__`cTLf`h Ò¥
vª}'fjTyW#npf`TﬂWl)Tﬂap}ﬂzA¸D ncl§aª{n?Vx©apl|apyWmcWKncVXWfjl`h

   d

 ﬂWKz£ fjTl|ap}y?W    Mac}ﬂzzeWK}ﬂ_fih

Np}ynezeWK_ Ò¸ﬁJ)cbyljW5¬_Tﬂn£I_f`T©af²ap}«n?WljTyWKa?z¯nc}ync}y 4n?xef`Vap[l`n?bef`W_ﬁnp    fjTyWfjljaﬃ8ﬁ{
_`Tyn?byzX%WgWdex©W{Òf`WzM¥ STy¨_8{n?l`ljWK_`x%nc}ﬂzy_)fjnﬁYK -y f|_ p_W{#f`n ? -yfj__`WK{ n?lmn<WljWKzXn?a?zy_ ljncV
Yc -yfj__`WK{[fjnc? -yfj__`WK{p¥CJﬂnclª_`bﬂ{|T²n?a?zy_¸©©ncf`T:n?WljTyWKa?zy_apljW{n?VXxﬂapl|apyWc¥Cu#befg£f`T
Tﬂ?TyWlﬂac}ﬂze£¨z¡f`TP}yWfi£.n?l`¤e_K¸¡}ync}e ¢ncxyf`VXac<l`n?bef`W_ncWljTyWaczﬁ{ncby¨z©W{ncVXW-xyljWx%nc}ﬂzyWl|ap}LfK¥
  
/ﬃ"ﬀ  
  
  /   
3 TﬂW}'fjTyW.W}ﬂpf`TnpﬂaIljncbyf`Wm¨_Lmg¸_n?VW.}y¤-nc}f`TyW.l`n?bef`W.yl`Wap¤e_Aapf§l|af`W-mgk ¥)S nI%WapyWmfjngljncbefjW
x©ac{|¤cWfj_§©Wfi£.WKW}fi£.n-{n?}ﬂ_ifjl`b©{Òf`nc}©_§ncyf`TﬂW#ljncbyf`Wc¸D¹©nLneze}y[xyljnpf`ne{nc¨_ ljW"Lbyl`W.f`T©aff`Ty¨_)ljapf`Wzen¡WK_
}ﬂnpfWdy{WKWKz ^ ¥mSTyW-VadeVXac%acn£apyWgVXncﬂ fihO_.f`T¡bﬂ_k

^ m  ncl#¹ﬂn¡neze}yxyl`ncf`ne{n?_K¥mvª}
fjTyWgncf`TyWKl8Tﬂac}ﬂzM¸LTyWnxyljnpfjn¡{ncﬂ{Kap}ﬁljWx©apl f`TyWªl`n?bef`Wªne{Kaph?¸pf`TﬂWl.VadeVap©acn£apyWVXncyfih
k&_g_VXxyh%ncby}ﬂzyWKzP¡hOfjTyWzebﬂljapf`nc}Pnp ljncbefjWK_nc)W}ycf`Ty¸ﬂc¡}ﬂ>k

^ 

¥ Incf`¨{W'fjTﬂaf
ljWx%ncl`fXnpª}y¤yljWKac¤DaccW	Lhf`TyWP}y¤ aDh?Wl{n?byz¬apn£ ¹ﬂn¡n¡zy}y xyljnpfjne{nc¨_f`n }©{ljWKac_`W	f`TyWKl
¹©nLneze}y'l|afjWc¥S nn?bylm¤¡}yn£WKze?Wc¸cf`Ty¨_m¨_m}yncf._`byxyx%ncl`f`WKzX¡hWde¨_ifj}y-fjWK{|Ty}ﬂncnccWK_K¸?ac}ﬂz f#_8}ynpf
h?Wf-_if|ap}ﬂzyacljzyRKWKzM¥'S§n{ncVXxﬂapljW%npfjT:¹©aD?ncl|_¸©£.W£)f`T¡bﬂ_-{nc}ﬂ_`zyWl 

k

^ ﬃmI¥Hu#WaD£apljW
fjTﬂaf[ fAk

^ mH_ifj§ljWxﬂl`W_WK}?f|_Iaﬁ?WljhOTycTVn?yfih²_}ﬂ{W nclA^



b©_bﬂac apbyWxyl`n?x©nL_Wz
}xﬂl`ncf`ne{n?_ 4 yYp¸YcYE7 gac}ﬂz\m

 ﬂ¸©fjTy¨_ª??WK_ﬁk

   y¸%VXWKac}y}ﬂﬁf`T©af[f`TyWXaDcWKljaccWzebyl|afjn?}
nc)a}y¤	_f`TyWK}Y_`WK{nc}ﬂzﬂ_¥¥¥
&% 	  /   

  
      ﬃ-
¦ª_ n?WljTyWKa?zg%WK{ncVXWK_§{lj fj{Kap?£TyW}'fjTyW8}¡byV©WKl§nce}ynezeWK_§_ VXx%ncl`fjac}?f¸D£.W.£?Vac}yh-{nc}©_¨zeWl
_j{WK}ﬂapljn?_ £f`Ta¨apljcWI}¡byV©WKl.ncA}ynezeWK_

fih¡xy¨{ach>Y

   Ò¥qIn£#W?Wl#_n?VWgn£#Wl.DacbﬂWK_#apljW
ac_`nﬁ{n?}ﬂ_`zeWKl`WzM¥.S§nO{ncVXxﬂapljW-©ncf`T²xyljnpfjne{nc¨_K¸y£.W'}ﬂWWKzfjnOzeWf`WljVX}ﬂW_n?VXW'xﬂapl|apVXWfjWl|_¥-J)l|_if
nc8ap5¸%fjTyWxyljnpfjne{nc§xﬂapl|apVXWf`Wl|_gacl`W¤L}ﬂn£}  ^

 nclª¦gvA@ BD4ËeYE7map}©z­v ﬁLFe\ 4Y?YE74¸ a



 n?l-v ﬁsFe\'¥Au.nc}ﬂ{Wlj}y}ﬂf`TyW}yWfi£.n?l`¤xﬂapl|apVXWf`Wl|_K¸ﬂ£#WapljW?nc}yf`n	WdexyncljWzeﬀ%WKl`WK}Lf[_j{W}©apljnL_
£TﬂWljW.£#W#{Kap}XzeWfjWljVX}yWCmg¸ﬃ_ﬂ¸d¡¸XcI} by}©{Òf`nc}XncZY ¥s3­W£y{ncVXxﬂapljW.f`TyW#fi£#nªxyljnpfjne{nc?¹©aD?ncl|_
}­f`WljV_[np k¬ap}ﬂz qP n?l-_`ncVXWapbyWK_-nc-Y ¥STyWljW¨_'_f` n?}yWXxﬂapl|apVXWfjWlªf`n²zeWf`WljVX}ﬂWfjTﬂaf
VXnezeWK_ªf`l|a8ﬁ{{ljWKafjn?}  $W ¥ﬀ3WX{Kap}:}y¤:fªfjnOfjTyWX}LbﬂV%Wl[np#a?{Òfj?WljncbefjWK_ªx©WKl[}ﬂn¡zyWfjTﬂap}y¤e_
fjnfjTyW[aD?Wl|ap?W#ljncbyf`Wgzebﬂljapf`nc}fjVXW

}ﬂ{bﬂze}yf`TyWªl`n?bef`Wgf`VWKncbef#f`VXW¥¦ ljncbefjWg¨_.{l`Waf`Wz
WKcWKl`h  W­_`WK{nc}ﬂzﬂ_¸<TyWK}ﬂ{WUq

 6] ﬃWpe

W¥u.n?}ﬂ_¨zeWKl`}yO£#Wf`l|a8ﬁ{p¸<£#W£)b©_W

 
_`WK{nc}ﬂzﬂ_¸eh¡W¨ze}ﬂW

q   ﬂ¥s3W£§{nc}©_¨zeWl


q

?¥gJynclgnpf`TﬂWlbﬂ_`WK_nc fjTyW}yWfi£.n?l`¤<¸¡nc}yW
VXcTLfTﬂaDcW[fjnX{nc}ﬂ_`¨zeWl?l`Waf`WKl.acbyW_npTq%¥
&  
   . 
ﬀ   
ﬀ
S§n{n?VXxﬂapljWI{n?}?fjl`n?encWKl`TyWaczy_K¸£#Wg{n?}ﬂ_¨zeWKl f`TyWKl8VXac}XfjWljV_m}ﬂap}ﬂzy£z¡fjTbef`Raf`nc}

f`TynL_W
"Lbﬂa?zel|af`¨{}Y ¥s3W[}yWWzXf`n{ncVXxﬂacl`W$V	]WA`f,hSi ] kjm no^petetqrY\[

VXq    ` VTfUhSip] kjm n^Zetq Y[f`n
swﬀﬂﬁ
 	
ﬀﬁﬃﬂ "!$#%&(')*,+-ﬃ&."!0/
YN
^Z_ Y\[)` ] a%` fUhSi ]lkjdﬃno^pete=dQcY\[?¸efjTﬂafI¨_  
V 
q
 
`bfUhis]lkjmﬁno^pe=q ^	_A` ] a%` fUhSi ]lkjdn^Zee6dQc
gnpf`¨{Wªf`T©af.£TﬂW}OVXn?yfih¨_.Ty?T

k:{n?_`WIf`nU^ ¸Lf`TyW-_SRWªnpMfjTyWªﬂl`nLaczy{Kac_f`WKzac}ﬂzX¹ﬂn¡nezeWz
x©ac{|¤cWfj_%WK{ncVXWK_{l`f`¨{ac5¥8STﬂW'VXac}Pn?WljTyWKa?zf`WKl`V _f`TyWK}^ZqrY\[  nclI¹ﬂn¡n¡zy}yxﬂl`ncf`ne{n?_ap}©z
^ZdQcY\[ ncl[TyWnxyljnpfjn¡{nc¨_¥[STy¨_ª¨_[£T¡hVX}yVSR}y	f`TyWX_`RKWnp8f`TyWyljn?aczﬂ{ac_f`Wzf`n?x©n?n?ch_
_`nOVXx©n?lf|ap}Lfª}TﬂWnxyljnpf`ne{nc¨_¥vª}²f`TﬂWncf`TyWKlªT©ap}ﬂzM¸<¤?WWxﬂ}yaO?Wljh_`Vap _SRW nclª¹ﬂn¡n¡zy}y
x©ac{|¤cWfj_¨_ªcWljhVXx%ncl`fjap}Lf[}²¹©nLneze}y	xyl`ncf`ne{n?_K¥ﬁF¡n?VWxyljnpf`ne{nc¨_np8w:ac}yWf-ac_A@AFy\ xyljncx%n?_`W
fjnO}ﬂ{bﬂzeWf`TyWl`n?bef`W}:f`TyW¹ﬂn¡n¡zy}y	xﬂac{|¤?Wf¥gSTy¨_g£#ncby¨zPWKacz²f`nOa ^	qrm)Y [ 

n?WljTyWKa?z	f`WljV
{ncVXxﬂacl`WzfjnVX^ZqrY\[ ncl¦gvA@CB¥

¦I}¯aDcWl|ap?Wnc m 

a?zyzeljWK_j_W_-_}©{bﬂzeWKz} fjTyWOxﬂa?{|¤cWfK¥ 
STﬂ_{ncby¨z©Wzel|apVapf`¨{I n?lIa_`xﬂaclj_`W-}yWfi£#nclj¤£TyWljW- fI£#ncbﬂz	WaczOf`nﬁaX{bﬂy{ªfjWljV¥
       .
 
 
¦g} WdyapVXxyWnc#?Wljh:zeW}©_WX}yWfi£.n?l`¤²¨_-ncef|ap}yWKz­£TyWK} ac }ﬂn¡zyWK_'apljW} ayljn¡ncVP¥X¦IVnL_if
ac}¡h}ﬂn¡zyW[{Kap}	{ncVXVbﬂ}y{KafjWg£f`TWcWKl`hnpfjTyWl¥ ¦H}ﬂ{Wª}yWfi£.n?l`¤XVXnezeW% n?l.fjTy¨_#_`f`bﬂapf`nc}O¨_.f`TyW
l|ap}©zencV ?ljacxyTO£TﬂWljWap}¡hﬁxﬂaclnc)}ynezeW_{ac}P{ncVXVbﬂ}y{KafjW[£f`TPxyljnc©apyfih

	 '{nL_W[f`n
 Ò¥m¦gAx©aplj_apljW'_bﬂxyx©nL_WzO}ﬂzeWKx©WK}ﬂzeWK}?f¥

	¶
§
±
)
±

.
¦ ljncbyf`W-Tﬂac_W}ﬂpf`T Y'£f`T²xyljnc©apyfih ¸©ap}ﬂzWK_j_f`Tﬂac}:£ fjTxﬂl`n?ﬂapy fih
acVXnL_if:Y  fi£#n }ynezeWK_	apljWafze_fjac}ﬂ{W­afOWKa?_ifO £f`THxyl`n?ﬂapﬂ fih ] pe0# ]  p[|e

[p¥
m ¨_apVXn?_f`

]  pe
 


_}ﬂ{W	fjTyW²W}ycf`T®np-a­ljncbyf`WPWK}ypfjT®_X%ncby}©zeWKz¬¡hPY ¸
U`

]  pe

m,`

] 
peL`PYP] 
pe] 
p[|e

[p¸ﬂ£f`T

 ﬀOap}ﬂzY
 
y¸yn?}yW'cWfj_
  

mﬁ   )` 
 	
[Ò¥
ﬂﬃ 
!
·
±


ﬃ

³

STyW²aDcWKljaccWOzyWcljWW	np-a}ynezeWP¨_Xnc¡¡n?bﬂ_`hZY¥¯ST¡bﬂ_f`TyW²aD?Wl|apcWO}y¤
zyW}ﬂ_` fihO_ _

 ¥
"$#§
ﬃ

ﬃ&%c±
·)
¶
y·)cﬂ?
r¢f	¨_	_`Tyn£}® n?lPv ﬁLFy\ 4YQ7[f`Tﬂapf d(' H`*),+.-0/
/2143
Y ac}ﬂz c'
 ` pcq 5)6+7-
/
/8143
Y$ZY ¥
J)cbyljW N xyl`W_WK}Lfj_Of`TyWl`WKcnc}ﬂ_ﬁ aDcn?ljacyWPfjn¯Wac{|T xyljnpfjne{ncª¹©aD?nclﬁ}«fjTyW­xﬂac}yWk<d q¯ ncl
Y

  -£f`T9



ap}ﬂz

 ﬀﬂ¥TJ§n¡neze}ﬂxyljnpf`ne{nc¨_©WKTﬂaDcWI%Wf`f`WKl8£f`TﬁTycTﬂWlmVXncﬂ fihXap}©z
n£ a?{Òfj¡fihc¥
    ! ﬀ   -  
u.n?}ﬂ_`zeWKlaacl`?W}¡byV©WKlnp#}ynezeWK_'xﬂa?{WKz­} afjTy} _f`ljxnc.W}ycf`T

m #  £TyWljW  ¨_-f`TyW
Vapd¡Vap§ljac}ycW'nc8a}ynezeW

f`TyWaDcWKljaccW-ncxefjVac§ljncbefjWW}ycf`T²¨_IfjTLb©_$mÒ¥gSTyW}y¤²zeWK}ﬂ_fih_
_
 
 

m 

mI¥S £#n²}yWK?TL%ncl|_'x%Wl}ynezeWﬁapljWﬁ_b 8{WK}Lf} fjTyWﬁyljn?a?zy{a?_ifjWKzf`n?x©n?n?chc¸
TﬂW}ﬂ{W d
 
` 

Vﬂ¥

rs} f`WljV_ncIv ﬁsFe\'¸AWac{|T }ynezeWﬁTﬂa?_-fi£#nVbyf`x©n?}LfljW¨aDhe_¥ 

m ` 
WKVX_j_nc}©_acl`WP_b 8{WK}Lf n?lXa­yljn?a?zy{a?_if¸ TyW}ﬂ{W c
 
m  Y ¥bJ)?byl`W xﬂl`W_WK}?f|_f`TyWPljWcnc}©_
 aD?ncl|apyWf`n:Wac{|T xyljnpf`ne{nc ¹©aD?ncl- n?l Y

 P£ fjTPm

V:ap}ﬂz Y

  P£ fjTbm
 

f`Ty¨_
{ncljl`W_x%nc}©zy_mfjnXf`TyW_japVXW'zeWK}ﬂ_fihﬁnc)}ynezeW_%¥
wLwyxTz|{E}E~E
Y
+grI   	 r
X!	&-
ﬃp 
	6Z&
  	 &
Hello protocols
Flooding protocols
0
0.2
0.4
0.6
0.8
1
activity
0.2 0.4 0.6 0.8
mobility
 
È
		 
Hello protocols
Flooding protocols
0
0.2
0.4
0.6
0.8
1
activity
0.2 0.4 0.6 0.8
mobility
 

		 
J)cbyljWGN  8u.ncVXxﬂaplj¨_n?}np§TﬂWnxyljnpf`ne{nc¨_8ap}©z¹ﬂn¡neze}yxﬂl`ncf`ne{n?_#{n?}?fjl`n?ﬂn?WljTyWKa?zy_m}OfjTyW[y
ljn¡ncV _j{WK}ﬂapljn©¥ STyW'apﬂ_j{¨_`_japW[¨_kac}ﬂz	f`TyW'n?ljze}ﬂapf`W[_ q%¥
Flooding protocols
Hello protocols
0
0.2
0.4
0.6
0.8
1
activity
0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
mobility
 
È	ﬁﬀﬂﬃ
Flooding protocols
Hello protocols
0
0.2
0.4
0.6
0.8
1
activity
0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
mobility
 

		ﬁﬀﬂ
J)cbyljW   STyWzeWK}ﬂ_W'_f`ljx²_j{WK}ﬂapljn©¥
    ! ﬀ      
u.n?}ﬂ_`zeWKlªa	acl`?W}¡byV%Wl[np.}ynezeWK_ªxy¨ac{Wz²}­aO_%"LbﬂapljWncmWKze?WW}ycf`T m #  £TyWKl`W  ¨_ªf`TyW
Vapd¡Vap?ljac}ycWmncﬂaI}ynezeW

fjTyW#aD?Wl|ap?W)n?xef`VapLl`n?bef`W.WK}ypfjT¨_AfjTLb©_Lm ! 

Ò¥STyW.}y¤'zeW}©_fih-_
swﬀﬂﬁ
 	
ﬀﬁﬃﬂ "!$#%&(')*,+-ﬃ&."!0/
Y
Hello protocols
Flooding  protocols
0
0.2
0.4
0.6
0.8
1
activity
0.02 0.06 0.1 0.14 0.18 0.22 0.26 0.3
mobility
 
È 
		ﬁﬀ 

Flooding  protocols
Hello protocols
0
0.2
0.4
0.6
0.8
1
activity
0.02 0.06 0.1 0.14 0.18 0.22 0.26 0.3
mobility
 

		ﬁﬀﬂ
J)cbyljW'  mSTyW'zeWK}ﬂ_`W_ "Lbﬂacl`W-_`{W}ﬂacl`nﬂ¥
_

G[ ]Gm et[

ﬃm)[p¥vJyn?byl}yWcT¡%ncl|_)x©WKl }ynezeWapljW#_`b68ﬁ{W}Lf }f`TﬂWyl`nLaczy{Kac_f`Wz-f`n?x©n?n?chc¸
TﬂW}ﬂ{W d

p` 
 
¥Lm)[ ` WKVX_j_nc}©_§acl`W8_`b68ﬁ{W}Lf§ nclayljn?aczﬂ{ac_fK¸TyWK}ﬂ{W-c

m)[ EY ¥sJ§cbﬂl`W8
xﬂl`W_WK}?f|_IfjTyWl`WKcnc}ﬂ_g aDcn?ljacyW-fjn	Wac{|T:xﬂl`ncf`ne{n? ¹©aD?nclg nclHY

  ﬁ£f`T m
 
ac}ﬂzm

ﬂ¥
gnpfj{WªfjTﬂafITﬂWnXxyljnpfjn¡{nc¨__WKWV fjnX©WKTﬂaDcW-%WffjWlI£f`TPnc}yXljncbefjWK_K¥
         . !
Febyxyx%n?_`WªfjTyW-}ynezeWK_acl`W[xy¨ac{WKzaff`TyW-}Lf`Wl|_`WK{Òfjn?}ﬂ_#npw:ap}yT©aff|ap}A¥8vª}yW'{Kap}P_byxﬂx©nL_Wªf`Tﬂapff`TyW
fjncx%ncnc?h	¨_ªaOcljzP£TﬂWljWW?Wljh	}ﬂn¡zyWTﬂa?_ 	}yWcT¡%ncl|_

 
©¸ d
 
_

 EY ¸ c

¥[STyW
aD?Wl|ap?Wn?xef`Vap.l`n?bef`W	WK}ypfjTbm ¨_acxyxyljnDd¡VafjWh
 
Y ¥ gnpf`¨{WOf`Tﬂapf£TyWK} a:}y¤ yl`Wap¤ap?W
ne{K{byl|_-}fjTy__`{W}ﬂacl`nﬂ¸ATﬂWnPxyljnpfjn¡{nc¨_-£8_`W}ﬂz ayljn?a?zy{a?_if-xﬂac{|¤?Wf'£f`T nc}yWﬁa?zyzeljWK_j_[W_`_
fjTﬂap}bﬂ_`bﬂapLnc}yW_§_`}ﬂ{W#ag}yWK?T¡©n?l Tﬂa?_yoibﬂ_f©WKW}nL_if¥§qIn£#W?Wl¸KVXn?yfih[¨_)}ynpfcWKl`h[VXWKac}y}ﬂp by
}ﬁfjTy¨_#_j{WK}ﬂapljnﬂ¸¡ap}ﬂz J§cbﬂl`WYK'fjT¡bﬂ_#xyl`W_WK}Lfj_8f`TyW-ljWcnc}©_  aDcn?ljacyWf`nWKa?{|Tﬁxyljnpf`ne{nc©¹©aDcn?l8}
fjTyWd qXxy¨ap}yW[ n?l k

y¥ tm?W}P_na,k<d qOze¨ap?ljacV_??W}	 ncl Y

  f`nX%W{n?}ﬂ_¨_f`W}Lf¥
u.n?}ﬂ{WKl`}y}y {n?}?fjl`n?ncWljTyWacz%npfjT ¹%aDcncl|_np-xyl`ncf`ne{n?__`WWV f`n %W:{ncVXxﬂacljacyWc¥¯qgWn
xﬂl`ncf`ne{n?_'T©aDcWﬁa²n£.WKlncWKl`TﬂWKacz­£f`T zeWK}ﬂ_`W	_` fjbﬂafjn?}ﬂ_¸ a²Tﬂ?T }LbﬂV%WlncI}ynezeWK_ap}ﬂz £f`T
nc}ﬂcWl	l`n?bef`W_¥ J§n¡neze}ﬂ xyljnpfjn¡{nc¨_ﬁTﬂaD?Wan£#Wlﬁn?WljTyWKa?z¯£f`T TycT«VXncﬂ fih ac}ﬂz«an£
a?{Òfj?Wl`n?bef`W}¡byV%Wl¥-u.n?}ﬂ{WKl`}y}yﬁVXn?yfih²l`W{apAfjTﬂaf[TyWnOxyljnpfjn¡{nc¨_g{Kap}_`byxyx%ncl`f[aOTy?TyWl
}y¤Pyl`Wap¤ap?Wl|af`W

^­{ncVXxﬂacl`Wzf`n ^ ﬃm ﬂbef[£f`T­aﬁcljWKapf`WKlgncWKl`TﬂWKaczP{n?_fK¥AFencVXWze¨ap?ljacV_
{nc} ©l`VfjTﬂafITﬂWnXxyljnpfjn¡{nc¨_#©WKTﬂaDcW-%WffjWlI£f`TPnc}yljncbefjWK_K¥
¦ª_mfjTy_.}yncf`Wfjl`WK_mf`n_`byljcWKhap©wap}yWf.xyljnpfjn¡{ncyn?WljTyWKa?zy_K¸p£.Wª_Tyn?by¨zﬁze¨_`{bﬂ_`_mf`TyWªxyljncyWV
nc§by}ﬂzeljWK{Òfjn?}ﬂapM}y¤e_¥
wLwyxTz|{E}E~E
c
+grI   	 r
X!	&-
ﬃp 
	6Z&
  	 &
Hello protocols
Flooding protocols
0
0.2
0.4
0.6
0.8
1
activity
0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
mobility
 
È  
		
Flooding protocols
Hello protocols
0
0.2
0.4
0.6
0.8
1
activity
10 20 30 40 50 60 70
route duration
 
  É È	
4È|Ç   
		 	
J)cbyljWYK  PSTyW²_`xﬂapl|_Wclj¨z _j{W}©apljn©¥

a STyW k<d6q zeaccl|apV  n?lUY

  y¥

 XSTyW d q
zyaccl|apV  ncl Y

  ap}©z k

y¥

STyWacﬂ_j{¨_`_japW[_#fjTyWaDcWKljaccWªl`n?bef`W'zebyl|afjn?}  TyWljWc¥ 
 
	)ﬃ8"§
¯	(X/ I	

g}y¨zeljWK{f`nc}ﬂacI}y¤e_	_Tyn?by¨z¯}ﬂnpfO%W:bﬂ_`WKz®} by}y¨{a?_ifﬁfjljac}ﬂ_`V¨_j_nc}¬np'xﬂa?{|¤cWf|_X} ?W}yWKljacgac_
l|aczyn ﬁ ¦  }Lf`WKl a?{WK_ªbﬂ_`Wac{|¤¡}yn£WKze?WVXW}Lfj_I ncl-}ﬂ{ljWKa?_}y	f`TyWXljWacyfih²npmfjTyWX}y¤<¥STﬂ_
¨_[l`W"LbyljWKz£TyW}bﬂ_`}ﬂSgu.k ncWKlgfjTyWX}y¤_`}©{WXSgu.k {Kap}}ynpf'ze¨_ifj}y?by¨_Txﬂac{|¤?Wf-nL_`_g ljncV
{nc}y?WK_f`nc}A¥ I}y¨zel`W{Òf`nc}©ap¡}y¤e_VaDhapxyx%WKacl§}VX f np%ljac}ycW.ncl£TyWK}x%n£.WKl{nc}Lf`ljncL¨_§Va?zeWc¥
qgWnxyljnpf`ne{nc¨_8}ﬂapf`byl|aphXzyWf`W{Òfby}y¨zel`W{Òf`nc}©ap<}y¤e_#¡hl`Wacze}y'fjTyW-TyWnL_8ncAf`TﬂWl}yWcTe 
%ncl|_ Mf`TyWªl`W{WcWzTyWnnp a'}yWK?T¡©n?l8zen¡WK_8}ynpf{nc}Lf|ap}fjTyWªa?zyzeljWK_j_ np<fjTyWg}ynezeW?¸?f#zy_j{acljzy_
fjTyW'}y¤	zeWfjWK{Òfj}ﬂXf`Tﬂapff`TyW'}yWK?T¡©n?lzynLW_}yncfljWK{WcW[ f|_n£}TyWnL_¥
vª}fjTyWgncf`TyWKl8Tﬂac}ﬂzM¸?¹ﬂn¡neze}ﬂxyljnpf`ne{nc¨_ VaDh{nc}ﬂ_f`ljbﬂ{Òf.l`n?bef`W_ f`T©af.b©_WIbﬂ}yzyljWK{f`nc}ﬂacﬂ}y¤e_
_`}ﬂ{W¹©nLneze}yL_apljWVaczeWO£ fjT}y¤ yljn?a?zy{a?_if-f`l|ap}©_VX¨_`_`n?} ncl£Tﬂ{|T fjTyWljWO¨_}yn­ac{|¤¡}yn£ 
WzecWKVXW}LfK¥3 TyWK} f`TﬂWOzeWK_f`}ﬂapf`nc}_`W}ﬂzy_f`TﬂWﬁl`WKxyhfjn²f`TyW_n?byl|{Wc¸§f`TﬂWOxﬂa?{|¤cWf¨_n?_fn?} f`TyW
bﬂ}yzyljWK{f`nc}ﬂacA}y¤<¸ﬂac}ﬂzf`TyW_n?bylj{W-Tﬂac_fjn}ﬂ fjapf`Wac}ynpfjTyWl¹©nLneze}y©¥.STy¨_xyljnezebﬂ{W_Iap}Pn?Wl` 
TﬂWKaczxyljncx%ncl`f`nc}ﬂaccfjnªfjTyWx©WKlj{W}LfjaccW#np%by}y¨zeljWK{f`nc}ﬂac¡}y¤e_¥STy¨_ {n?byz©WzyacVapc}y[ %x©n£#Wl
{nc}Lf`ljnc¡¨_ W}¡¡¨_nc}yWzM¥qIn£#WcWKlK¸DfjTy¨_ x©WKlj{W}LfjaccW#_m}yW?W{ÒfjacyW£TyW}ape}ynezeW_f`l|ap}ﬂ_`VX f8apf f`TyW
_japVXW[x©n£#Wl¥Tu#beff`Ty¨_xyljncyWV _Tyn?by¨zO%W'aczyzeljWK_j_`WKzﬁ}²ap}¡hﬁ{a?_W-ac_fg{ac}	WKa?zfjnﬁ_he_f`WVapf`¨{
ljncbyf`W-{nc}©_ifjl`bﬂ{f`nc}O apbyljW[}²_`ncVXW[{Kac_`WK_#np§}yWfi£#nclj¤cWKncVXWfjl`hac_bﬂ_f`l|afjWKzOLh J§cbﬂl`WYcY?¥¦
?l`Waf ncWKl`TﬂWKacz¨_mapn£apﬂW# ncl.{ac_`WK_ f`Tﬂapf.apljWljacl`W?¸pybef.VXac  bﬂ}ﬂ{Òfjn?}WcWK}X}l|apljWI{a?_W_ _Tyn?by¨z
%WaDcn?zyWKzM¥
S§n_`nccWf`Ty¨_[xyljncyWV n?}yW{Kap}¨zeWK}?fj  hPfi£#nx©nL_`_`ﬂ fjW_¥STﬂW_japVXWTﬂWnVXWK{|Tﬂac}y_`V ac_
TﬂWn²xyljnpfjne{nc¨_{Kap} ©WObﬂ_Wz ybef}ﬂ{l`Wac_`}yP?l`Waf`h:fjTyWO{nc}Lf`ljnc n?WljTyWKa?zM¥Ors} fjTﬂaf{Kac_`WXf`TyW
swﬀﬂﬁ
 	
ﬀﬁﬃﬂ "!$#%&(')*,+-ﬃ&."!0/
yY
s d
a
b
J)cbyljW'YcY  )¦ _f`b©af`nc}£TﬂWljWIa'by}y¨zel`W{Òf`nc}©apﬂ}y¤Xxyl`WKcWK}?f|_¹ﬂn¡neze}y?_ ¡h  I l`n?V {nc}ﬂ_f`ljbﬂ{Òfj}ﬂ
aﬁl`n?bef`W'fjn _©¥ª¦g)}y¤e_[apljW'yzyljWK{f`nc}ﬂac Wdy{Wxef   '£Ty{|T²¨_ªby}y¨zeljWK{f`nc}ﬂacA ljncV  f`n ¥g¦I}¡h
¹©nLneze}y£§WaczfjnXf`TyWljncbyf`W   E_%WK{Kapbﬂ_`W'fjTyWnc}ﬂh	Dac¨zPljncbefjW  |q E_O£ %Wze¨_j{apl|zeWz	¡h 
£Tﬂ{|T£AljW WKlf`nf`TyW ©lj_f¹ﬂn¡neze}ﬂx©ac{|¤cWf#fIljWK{WK?WKzM¥
xﬂl`ncf`ne{n? £#ncby¨z²{byVby¨af`WapVXn?_fg©ncf`T­ncWljTyWaczy_K¥IqIn£#W?Wl¸y f'{n?by¨z:ap¨_nObﬂ_Wf`TyWncxefjVXSRWz
ﬂl`nLaczy{Kac_fmf`W{|Ty}y "?bﬂW[}ﬂ_f`WaczﬁncAf`TﬂW-{n?_f`hX¹ﬂn¡neze}ﬂ?_K¥mvª}Of`TyW[npfjTyWlTﬂac}ﬂzM¸e£TyWK}ﬁfjTyW-}y¤ﬁ¨aDhcWKl
ljWx%ncl`fj_)fjljac}ﬂ_`V¨_j_nc} apbyl`W_¸cf`TyWKl`W¨_8ac}ynpfjTyWl x%n?_j_`y fih  )£TyW}ﬁa-}ynezeWI ap_fjn_`W}ﬂza-xﬂa?{|¤cWf
fjnOax%n?_j_yW}yWK?T¡©n?lK¸© f[xybefj_gf`Tﬂ_ª}ynezeW}ay¨ac{|¤_f[ac}ﬂz²ze¨_`{Kapl|zy_Ixﬂa?{|¤cWfj_ ljncV }ynezeWK_ª}
fjTy¨_y¨ac{|¤ﬁ_fK¥ 3 TyW}fjTyWljncbefjW[¨_ljWxﬂacljWKzO¡h	ap}ﬂnpf`TﬂWl¹ﬂn¡neze}yﬂ¸efjTy¨_by}y¨zel`W{Òf`nc}©apA}ﬂ¤O£
%WaDcn?zyWKzM¥
  
ﬃ. / 
u.n?}Lf`ljncgn?WljTyWKa?z nc©ncf`T xyl`ncf`ne{n?I¹©aD?ncl|_XTﬂac_	%WW} ap}ﬂachrRWzM¥&t.ac{|T«xyljnpfjne{ncI¹©aDcn?lO{ac}
n?Wl`fjac¤cWfjTyWnpfjTyWl}f`WKl`V_-nc#n?WljTyWKa?zzeWKx©WK}ﬂze}y²nc}f`TﬂWxyl`n#ﬂWnc.fjTyWXf`n?x©n?n?chac}ﬂz­f`TyW
fjljaﬃ8ﬁ{p¥§S§n'_bﬂVVacl`SRW?¸£.W{n?by¨z_jaDh-f`Tﬂapf¹ﬂn¡n¡zy}y-xyljnpfjne{nc¨_)©WKTﬂaDcW#%WffjWlm£f`TTycTVXncyfih
£TﬂW}f`TyW'}¡byV©WKlInp ac{f`cW-ljncbefjWK_¨_n£,ap}©zﬁfjTﬂafgTﬂWnXxyljnpfjn¡{nc¨_apljW-Vn?l`W'_`byf`WKz£TyWK}Pf`TyW
}¡byV©WKlXnpªa?{Òf`cWljncbefjWK_cWf|_Ty?TA¥ ¦g}ynpfjTyWlXVx%ncl`fjac}LfX{nc}ﬂ{bﬂ_`nc} ¨_f`TﬂapfXf`TyWP_SRWnpªf`TyW
ﬂl`nLaczy{Kac_f`WKzOncl#¹ﬂn¡nezeWKzxﬂa?{|¤cWfj_#_g{lj fj{Kap<£ fjTPl`WK?apl|zfjnVXncyfihO{nc}Lf`ljnc<ncWKl`TﬂWKaczA¥
STyW[ncWKl`TﬂWKaczzybyW[f`nbﬂ}yzyljWK{f`nc}ﬂac%}y¤e_#{Kap}ﬁ%W-}yW?W{ÒfjWKzOa?_8nc}ﬂac_#}ynx%n£.WKl.{n?}Lf`ljnc%_
Va?zeWybef[xyljnpf`ne{nc¨_TﬂaDcW-fjnﬁ%Wl`WK¨apﬂW£f`Tl`WK?apl|zOf`nﬁby}ﬂzeljWK{Òfjn?}ﬂap§}y¤e_K¥ Inc}y 4n?xef`Vap fih
nc8¹ﬂn¡neze}yl`n?bef`W_'{ap}­©W{n?VWXxyljncﬂWKVXapf`¨{ n?l-¹ﬂn¡neze}ﬂxﬂl`ncf`ne{n?_ª£TyW}­f`TﬂWXf`ncx%ncnc?h²Waczy_
fjnn?}yljncbefjWK_K¥#STy¨_I{Kap}²ylj}ﬂﬁap}PncWKl`TyWacz	cljWKapf`WlfjTﬂap} Y nc)fjTyWzyapfjafjljaﬃ8{-WKcWK}£f`T
_`xﬂaclj_`Wgfjncx%ncnc?W_¥
STyWljWK_`byfj_xyljWK_`W}LfjWKz}f`Ty¨_ }yncf`W#f`WK}ﬂzf`n'ljW ﬂ}ﬂW.fjTyWbﬂ_`bﬂapy_`W?l`WK?apf`nc}ljWKa?{Òf`cW Dxyljnp sac{f`cW
xﬂl`ncf`ne{n?_Lh ze¨_f`}ycby¨_`Ty}ﬂ:f`Tﬂn?_`Wﬁf`T©af{nc}©_ifjl`bﬂ{fljncbefjWK_£ fjT¹ﬂn¡neze}y?_

ljWKa?{Òf`cWOxyl`ncf`ne{n?_
_`}ﬂ{W#f`Tﬂ_)fjWK{|Ty}y "LbyWIapn£I_Afjn{nc}©_ifjl`bﬂ{f)ljncbyf`WK_n?}zyWVap}ﬂz §ac}ﬂzf`TynL_W#f`T©afmbﬂ_`W#f`TyW¤¡}yn£WKze?W
ncmf`TﬂWfjncx%ncncchP£Ty¨{|T¨_[ze_j{n?WljWKzPxyljnp sac{f`cWKh	f`Tﬂac}y¤e_ªf`n}yWcT¡%ncljTyn¡n¡zPTﬂWnL_

xyljnp sac{Òfj?W
xﬂl`ncf`ne{n?_ Ò¥
wLwyxTz|{E}E~E
?
+grI   	 r
X!	&-
ﬃp 
	6Z&
  	 &
   	ﬃ#/
4Y7

¥L¦I?cWncbXap}©z\'¥cS)a aﬃRKnc4¥©\gzeVapl §¦ ﬂac}ﬂze£¨z¡f`Ty 4W8{WK}Lf8l`n?bef`}y-xyljnpfjn¡{nc¡ n?lmVXncyW
a?z Tyne{:}ﬂWfi£#nclj¤¡_K¥,rs}
+-"!oﬃﬃ/  L \Xg	

U Q 


¸¦Iby?bﬂ_f­YK?cﬂ¥
3 ac_`Ty}ypfjnc}A¸ AFe¦¥
4 7

¥e¦gccWKn?bﬁap}ﬂzO\'¥eS§ap aﬃRn?4¥A\W¨afj?Wgze¨_if|ap}ﬂ{WgVX{l`nc ¢zy_j{n?WljhaczTﬂn¡{gl`n?bef`}y

l|zeVapl 
xﬂl`ncf`ne{n?5¥	rs}?fjWlj}yWf @ªl|aÖfK¸ zel|aÖf` 4Wf`Ö 4Vac}yWf` 4l|zeVapl` ¢?y¥ fd¡fK¸ FeWxefjWV%Wl	YK Yccﬂ¸j3nclj¤}
xﬂl`n?cljWK_j_¥
4 ﬃ7-t.S F¡r FeSgu8 s\t F<Yu.n?VVXffjWWc¥§\IaczenW"?bﬂxyVXWK}?fap}©zﬁ_he_f`WKVX_ qIcTﬁx%Wl` ncljVap}ﬂ{WIlja?zen
ne{ac#acl`Wa:}yWfi£.n?l`¤­fih¡x©W­Yc¸  by}©{Òf`nc}©ap_x%WK{ ©{Kafjn?}ﬂ_¥ S§WK{|Ty}ﬂ{Kap.\IWx%ncl`ft8S F c? s?cy¸
t.S F¡rÒ¸Z@ªWK{WV%Wl'YcLe¥
4 57'w¥sF<¥)u.n?lj_`nc}ap}ﬂz ©¥ w:a?{|¤cWl¥w²ncﬂWﬁaczTyne{X}yWfi£.n?l`¤¡}y
ﬁﬀ
  \n?bef`}y²xyljnpfjne{nc
x%Wl` ncljVap}ﬂ{W-_j_bﬂWK_ap}©zOWKDacb©af`nc}P{n?}ﬂ_`zeWKljapf`nc}ﬂ_K¥ﬃﬂ "! ccyYc¸eLap}¡bﬂacl`hPYK?cﬂ¥
4 7'w¥vF<¥ u.ncl|_n?}ac}ﬂz B¥)k aplj¤<¥S§WVXx%ncl|aph­ncl|zeWljWKzljncbefj}y:ac?nclj fjTyV
#ﬀ%$&'
¥Prs}?fjWlj}yWf
@ªl|aÖfK¸©zeljapÖf ¢WfÖ ¢Vap}yWf 4f`ncl|a s_`x©W{Ò s?e¥ fd¡f¸ev[{f`nc%WlI?OYc?y¸r3­n?l`¤O}xyljnccljWK_j_K¥
4 ﬃ7ﬀFyapVXl'\'¥;@[ac_K¸ u.TﬂapljW_gtg¥Mk)WKl`¤¡}ﬂ_K¸<ac}ﬂz:t8SRKac©Wf`T­w¥<\InhcWl¥[k)WKl n?l`Vac}ﬂ{W{ncVXxﬂacl`¨_`nc}
ncmfi£#nOnc}y ¢zeWKVap}ﬂz²ljncbyf`}yOxyljnpfjne{nc¨_ n?l[a?z:Tyne{}yWfi£#nclj¤e_¥[rs}
+-"!oﬃﬃ/>( &l *),+-+-+
gﬃ. ! /g	   6&.g	 6	 !
&( 	/01)t#32 4 -5
¸¡w:apl|{|T	cccﬂ¥MS WK%¦§¡<¸¡ri_l|apWK5¥
40NQ7'©¥ ﬂ¥

apl|{¨a  ﬁAby}©a s¦{W?WK_Mac}ﬂzw ¥F¡x%ncTy}A¥¡tT8ﬁ{WK}?f)l`n?bef`}yª}x©ac{|¤cWf ¢lja?zen}yWfi£#nclj¤e_Mbﬂ_`}y
}y¤L ¢_fjapf`W-}y ncljVXapf`nc}A¥rs}
+-"!%),+-+6+7j#89


¸©¦gbycbﬂ_fYK?cﬂ¥
4 ﬃ7'©¥ ﬂ¥

apl|{¨a  ﬁAby}©a s¦{W?WK_K¸'w ¥GFex©n?Ty}A¸Xap}ﬂz @¥Hu#WhcWKlK¥ F¡ncbyl|{Wf`ljWW¯a?zyapxyf`cWljncbefj}ﬂ
;:<ﬀ&
-xyljnpfjne{nc4¥ﬁrs}Lf`WKl`}ﬂWf @ªljapÖfK¸zeljapÖf ¢WfÖ ¢Vap}yWf s_if|apl` ¢?y¥ fd¡fK¸§v[{f`nc%Wl?YK?cy¸ 3­n?l`¤
}PxyljnccljWK_j_K¥
4 ﬃ7 ¥ ©¥%qªaca?_gap}©z:w ¥ \'¥©kWapljVap} ¥gkmljn¡ze}yOa?z¡ ¢Tyne{{n?}y}yWK{f`¡ fih£ fjT:fjTyWljWK{nc} ﬂ?byl|apyW
£ljWWK_j_m}yWfi£.n?l`¤e_K¥%rs}Pu.TﬂapljW_mkWlj¤¡}©_¸LWKzef`n?lK¸
$3=%|!C#%&(')*/
¥e¦zyze¨_n?}>3­W_Wh ﬁAn?}yp 
Vac}A¸©p?cﬂ¥
4YKﬃ7[k¥8Lac{"LbyWfﬁap}©z¯¦¥ ﬁ acncbyf`4¥¬¦g}ﬂaphe_¨_Xnp[VXncyW²a?z¡ 4Tﬂn¡{}yWfi£.n?l`¤ ljncbefj}ﬂxﬂl`ncf`ne{n?_}
l|ap}©zencV ?ljacxyTOVXnezeWK_K¥mS W{|Ty}y¨{acA\Wx%ncl`fI\I\ scLe¸¡r g\Iri¦¸©cccﬂ¥
4YcY7[k¥ﬂLac{"LbyWf¸?k¥ﬂw²bﬂTyWf`TﬂacWKlK¸eac}ﬂzO¦¥ZO[aDhLh¡byVP¥ vªxef`VXRKWKzﬁ}y¤O_fjafjWªljncbyf`}y
;$>?:.&
mxyljnp 
fjne{nc4¥ rs}Lf`WKl`}yWf @gl|aÖf¸ﬂzel|aÖf ¢WfÖ ¢Vap}yWf ¢nc¨_l` syYc¥ fd¡f¸ JﬂWyljbﬂapljh Np?cy¸r3nclj¤ﬁ}xﬂl`n?cljWK_j_¥
4Y7[k8Tyxyx©Wª?a?{ "LbyWf¸k ac_j{apWw²}ﬂWfK¸?k apbyyw²bﬂTyWf`TﬂacWKlK¸?ap}ﬂz I¨{n?a?_)\I¡Wljl`W?¥ @ªapfjaªf`l|ap}ﬂ_ Wl
 n?lTyx©WKl`¨ap}A¥
 /o/$+C/ 
6g	 6	 !
&( 	/
¸ 5

Y  ?A@ ?y¸¡?ac}Lb©apljh²YKcrN¡¥
4YKﬃ7[k8Tyxyx©WILac{"LbyWf¸ka?_`{KapW#w:}yWfK¸pk acbyew²byTyWfjTﬂapWl¸cap}©z I¨{n?a?_\¡Wljl`W?¥¡rs}ﬂ{ljWKa?_}ygljW 
¨apyfih}O{KapyW 4 ljWWlja?zen
>
_  ﬁAn£¬WKcWKe nclj£#acljzy}y-}CB%DFE
G&>
¥
 /o/C+C/ﬃp

g	 6	 !
&( 	/
¸	5

Y  LH@ ?y¸¡?ac}¡bﬂapljhPYKcrN¡¥
swﬀﬂﬁ
 	
ﬀﬁﬃﬂ "!$#%&(')*,+-ﬃ&."!0/
c
4Y57-©¥ u.ljne{|TA¸C@¥ ?ncTy}ﬂ_`nc} ¸ac}ﬂz @¥ w:ac foRc¥ @ªh¡}ﬂapVX¨{:_n?byl|{W²ljncbefj}y
  :.&
Ò¥ rs}Lf`WKl`}ﬂWf @ªljapÖfK¸
zyljapÖf ¢WfÖ ¢VXac}yWf` ¢zﬂ_l` ¢?y¥ fd¡fK¸ﬂv[{f`nc%Wlg?ﬁYc?y¸r3­n?l`¤O}Pxyljnc?l`W_`_K¥
4Y7G@[aD¡z u[¥mcn?Ty}ﬂ_`nc} ac}ﬂzP@[aD¡z¯¦¥mw:ac foRc¥b@ªhL}©apVX{P_`ncbyl|{W	l`n?bef`}y­}®acz Tyne{O£l`WKW_`_
}ﬂWfi£#nclj¤¡_K¥
\XS T	   6&?
¸%  Yp @%YyYc¸©YK?cy¥  -bL£#Wl¦{KaczeWKV¨{[kmbyy¨_TyWKlj_K¥
4YKﬃ7HFy{npf`fu.ncl|_n?}¬?n?_`WxﬂT¬w:a?{|¤cWKlK¥®w²ncﬂW:aczeTﬂn¡{}yWfi£.n?l`¤¡}y ap}ﬂz¯f`TﬂW²Wfi¥
s 
g	   6&? 
ﬃpT	 6	 !
ﬃ& ﬃ /ﬁ| '
¸AYcﬂ¥
4YQNQ7-¦¥ ﬁ§apncbﬂ fj5¸)¦¥sO[aDh¡h¡byVP¸ ap}©z ﬁ8¥jBgW}ﬂ}ynpf¥	w²byf`x%nc}?fljW¨aDh¡}ﬂ  '¦I} W8{WK}Lf'f`WK{|Tﬂ}y "LbyW
 n?l¹ﬂn¡neze}ﬂ}VXncyW'£ljWWK_j_.}ﬂWfi£#nclj¤¡_K¥S W{|Ty}y¨{apA\IWx%ncl`fg\I\ sc y¸Lr g\ri¦¸%cccﬂ¥
4Y ﬃ7HFM¥  sﬂ¥ ﬁAWW?¸.w ¥

Wljaﬂ¸.ap}©z uª¥  uª¥.u.Tyac}yﬂ¥Hvª}e szeWKVXac}ﬂz¯Vbyf`¨{a?_ifljncbefj}y xyljnpfjne{nc4¥¬rs}
+|!?/%(),+-+-+ j#8  


¸ﬂxﬂaccW_-Yp A@<YKcLe¸XFeWxefjWV%WlYKc?y¥ IW£ vªljWap}ﬂ_K¸ ﬁ ¦¥
4YKﬃ7HFM¥  sﬂ¥ﬁ WW?¸?w ¥

WKl`¨ay¸cac}ﬂzuª¥  uª¥Lu.Ty¨ap}y©¥©vª}e szeWVap}©zVby fj{Kac_f l`n?bef`}y-xyljnpf`ne{nc4¥ers}?fjWlj}yWf
@ªl|aÖfK¸©zeljapÖf ¢WfÖ ¢Vap}yWf ¢n¡zyVljxe s?y¥ f`dLf¸e?ac}Lb©apljhOpc?y¸ 3­n?l`¤O}Pxyljnc?l`W_`_K¥
4Ëpﬃ7AB¥ek aplj¤ﬁap}ﬂz	w ¥	F<¥©u.ncl|_`nc}A¥ ¦ TycTﬂhOa?zyapxyf`cWªzy_f`ljﬂbef`WzOljncbefj}ﬂac?nclj fjTyV  nclVXncyW
£ljWWK_j_}yWfi£#nclj¤e_¥)rs}
+-"! ) +-+-+ )# 2C 3 - 

¥  gn?©W?¸y?acxﬂap} ¸MYKcrN¡¥
4ËeY7uª¥[tI¥ªk)WKl`¤¡}ﬂ_K¸tI¥-w ¥ª\nh?Wl¸ap}ﬂz FM¥ª\'¥G@ªa?_¥ ¦z,Tyne{ n?}e szeWVap}©z zy_fjac}ﬂ{W?WK{f`ncl
#%$	 

gljncbefj}y©¥'rs}Lf`Wlj}yWfG@ªljapÖfK¸Azel|aÖf` 4Wf`Ö 4Vac}yWf` ¢acn¡zy? sﬃ5©¥ f`d¡fK¸Av[{Òf`n?©WKl-?²Yccﬂ¸ 3­n?l`¤
}PxyljnccljWK_j_K¥
4Ëc7u.T©apljW_ItI¥<kWlj¤¡}ﬂ_ªap}ﬂz:tmSRKac©Wf`Tw ¥%\InhcWl¥I¦z¡ ¢Tyne{'nc}y ¢zeWKVap}ﬂz:zy_fjac}ﬂ{W?WK{f`nclªl`n?bef 
}y©¥ rs}
+-o|!ﬃ/&l   ) +-+-+ ,*/   ﬃ  g    6&( 
Q/E&?<%/
ﬃp
     !
&(  /
¸%xﬂap?WK_c @%Ycy¸rJyWKyljbﬂapljh²YK?cy¥ IWK£ vªljWKap}©_¸ ﬁ ¦¥
wLwyxTz|{E}E~E
Unit e´ de recherche INRIA Lorraine, Technopoˆle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS L `ES NANCY
Unit e´ de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unit e´ de recherche INRIA Rhoˆne-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN
Unit e´ de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unit e´ de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
´Editeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)
  	


  
ISSN 0249-6399
